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ABSTRACT 28 
 29 
This study investigated changes in indices of acid-base balance during 120 minutes of 30 
simulated soccer match-play that included a 30 min extra-time (ET) period. Eight English 31 
Premier League academy soccer players participated in a simulated soccer match that 32 
required varying intensities of intermittent exercise including 15 m sprints and soccer 33 
dribbling throughout. Blood samples were obtained prior to (i.e., baseline, pre-exercise) and 34 
throughout exercise (i.e., 15, 30, 45, 60, 75, 90, 105, 120 min), and at half-time. Sprint speeds 35 
over 15 m reduced in ET compared to the first (-0.39 ± 0.37 m∙s-1, -7 ± 6%, p = 0.021) but 36 
not the second half (-0.18 ± 0.25 m∙s-1, -3 ± 4%, p = 0.086). At 105 min, blood lactate 37 
concentrations reduced compared to the opening 30 min (-0.9 to -1.2 mmol·l-1, p < 0.05). 38 
Blood pH (-0.03 to -0.04 units), base excess (-0.95 to -1.48 mmol·l-1) and bicarbonate 39 
concentrations (-0.9 ± 0.8 mmol·l-1) were depressed at 120 min compared to 105 min, 40 
baseline and half-time (all p < 0.05). There were no significant correlations between changes 41 
in acid-base balance and sprint speed (all p > 0.05). Although the perturbations in acid-base 42 
balance during ET were statistically significant, the decreases in blood pH, lactate, base 43 
excess, and bicarbonate concentrations may not represent metabolic acidosis or impairments 44 
in buffering capacity that are likely to explain reduced physical performance. Further 45 
research is warranted to investigate mechanisms of fatigue during ET and to develop 46 
interventions that attenuate decrements in performance. 47 
 48 
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INTRODUCTION 52 
Soccer is a high-intensity intermittent team sport with matches typically played for 90 53 
minutes (min). However, in certain cup and tournament scenarios (e.g., FIFA World Cup, 54 
UEFA European Championships, and Lamar Hunt U.S. Open Cup) an additional 30 min 55 
period of play (termed extra-time; ET) is necessary when an outright winner is required. Of 56 
the 16 knockout phase matches played at both the senior and U20 World Cup competitions in 57 
2014 and 2015, 50% necessitated ET. Furthermore, 32% of senior World Cup knockout 58 
matches have required ET in competitions played since 1986 (www.FIFA.com). Compared to 59 
studies reporting responses to 90 min of soccer-specific exercise (5, 27, 30, 37), relatively 60 
few have investigated the demands of ET (16, 18, 36).  61 
 62 
Findings from our research group have indicated differential effects of ET when compared to 63 
the opening and closing periods of the normal duration of soccer match-play (16, 18, 36). 64 
Specifically, indices of technical (i.e., number of passes and dribbles), and physical (i.e., 15 65 
m and 20 m sprint times) performance are reduced during ET. However, the precise 66 
mechanisms underpinning these decrements in performance have yet to be demarcated. 67 
Perturbations in acid-base balance have been implicated in soccer-specific fatigue responses 68 
during 90 min of both simulated (34) and actual match-play (22). Indeed, Russell and 69 
Kingsley (34) reported a reduction in blood pH and altered buffering capacity throughout 90 70 
min of simulated soccer-specific exercise in English Championship academy level soccer 71 
players. 72 
Traditionally, metabolic acidosis has been associated with a multitude of fatiguing processes 73 
including the impairment of metabolic enzyme activity (14), diminished excitation-74 
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contraction coupling (1), and amplified K+ efflux from the exercising musculature (25). 75 
However, the role of acidosis in fatigue remains a debated topic (10, 12, 39). Nevertheless, 76 
due to the high-intensity nature of team sport exercise, preventing acidosis is considered 77 
important (28, 34). Furthermore, endogenous bicarbonate concentrations, and therefore the 78 
ability to buffer metabolic by-products produced as a consequence of high-intensity 79 
intermittent exercise, may be compromised during 90 min of simulated soccer match-play 80 
(34). However, comparable data during ET has yet to be reported.  81 
 82 
In summary, changes in acid-base balance have been postulated to contribute to the 83 
multifaceted fatigue profile observed during 90 min of soccer-specific exercise. However, no 84 
data currently exists which has profiled acid-base balance responses during prolonged 85 
durations of soccer-specific exercise (i.e., those games requiring an ET period). Therefore, 86 
the aim of this study was to investigate changes in acid-base balance across 120 min of 87 
simulated soccer match-play in professional academy soccer players. We hypothesized that 88 
ET would influence indices of acid-base balance relative to the demands of the previous 90 89 
min.  90 
 91 
 92 
 93 
 94 
 95 
 96 
Acid-base balance and soccer extra-time 5 
 
 
METHODS 97 
 98 
Experimental Approach to the Problem 99 
To investigate the effects of 120 min of soccer-specific exercise on acid-base balance and 100 
sprint performance, eight professional academy soccer players completed a simulated soccer 101 
match with physiological measurements taken at regular intervals. The dependent variables 102 
included in this study were indices of exercise intensity and performance (i.e., 15 m sprint 103 
velocities, heart rate, rating of perceived exertion; RPE, blood calcium, and potassium 104 
concentrations); measures of acid-base balance (i.e., blood pH, base excess, lactate, 105 
haemoglobin, and bicarbonate concentrations); and hydration status (i.e., plasma and urine 106 
osmolality, plasma volume, and body mass changes).  107 
 108 
Subjects 109 
This study received ethical approval from the Health and Life Sciences Ethics Committee at 110 
Northumbria University, Newcastle upon Tyne, UK. As part of a larger study design, eight 111 
male soccer players were recruited from an English Premier League club academy (mean ± 112 
SD; age: 16 ± 1 years, stature: 1.73 ± 0.05 m, mass: 68.5 ± 5.3 kg, estimated V̇O2 max: 55 ± 9 113 
ml∙kg-1∙min-1) and provided written informed consent. Parental consent was also sought as all 114 
players were under the age of 18 years. All players played for a professional soccer academy 115 
for > 12 months prior to the start of the study.  116 
 117 
Procedures 118 
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Players undertook two preliminary visits prior to the main trial. The first visit sought to 119 
estimate maximum oxygen uptake (V̇O2 max) using the Yo-Yo intermittent recovery test one 120 
(6) and the second visit habituated players with the main trial procedures. Players performed 121 
a coach-led 45 min tactical training session (involving positional and tactic-specific drills), 122 
abstained from caffeine ingestion, and completed self-reported food diaries (analyzed 123 
retrospectively; Nutritics Ltd., UK) in the 24 h prior to the main trial. After an overnight fast, 124 
players arrived at the testing center at ~08:00 h and were asked to provide a mid-flow urine 125 
sample. A standardized breakfast (2079 kJ, 77.1 g carbohydrates, 12.3 g fats, and 14.3 g 126 
proteins) was provided to each player, including 500 ml of a fluid-electrolyte beverage 127 
(Mineral Water, Highland Spring, UK) following a fingertip capillary blood sample. 128 
Measures of body mass and stature (Seca GmbH & Co., Germany) were then taken. 129 
Following a post-breakfast rest period of ~90 minutes, another fingertip capillary blood 130 
sample was taken. Players then undertook warm-up procedures consisting of speed drills, 131 
dynamic stretching, and ball work while drinking 200 ml of the fluid-electrolyte beverage.  132 
 133 
Utilising a modified version of the Soccer Match Simulation (SMS) (35), a valid and reliable 134 
soccer-specific protocol (33), players performed 120 min of soccer-specific activity, 135 
including intermittent exercise and ball dribbling. In line with FIFA regulations, the SMS was 136 
split into two 45 min halves separated by a 15 min break (half-time; HT) and two additional 137 
15 min halves separated by a two min break (ET) (Figure 1). Players ingested 500 ml of the 138 
fluid electrolyte beverage during HT. A five min passive rest period followed the initial 90 139 
min period prior to ET. During this period, body mass was measured and players were 140 
provided with 200 ml of the fluid-electrolyte drink and two 66 g energy-free gels (High5 141 
Ltd., UK). Players covered a total distance of ~14.4 km, reflective of a match requiring ET 142 
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(36) while intermittently performing 15 m sprints (Brower-TC Systems, Brower Timing 143 
Systems, USA) and ball dribbles through cones set over an 18 m distance.  144 
 145 
 146 
 147 
Figure 1 Schematic of main trial procedures. 148 
 149 
Capillary blood samples (170 µl) were collected from the fingertip upon arrival (baseline), 150 
pre-exercise (pre), HT and at 15, 30, 45, 60, 75, 90, 105 and 120 min (Figure 1) and 151 
subsequently analyzed for blood lactate, pH, haematocrit (Hct), bicarbonate (HCO3-), 152 
calcium, and potassium concentrations (GEM Premier 3000; Instrumentation Laboratory, 153 
UK; CV’s: 0.003-2.2%) (8). Haemoglobin (Hb) concentrations were also measured 154 
(Hemocue 201+; HemoCue AB, Sweden). Hct and Hb concentrations were used to measure 155 
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plasma volume changes throughout exercise (13). Base excess concentrations were calculated 156 
using equation 1 according to the manufacturer’s instructions (GEM Premier 3000; 157 
Instrumentation Laboratory, UK) using the values derived from HCO3-, Hb, and pH: 158 
 159 
Eq’n 1: Base Excess = (1 – 0.014 x Hb) x [HCO3- - 24 + (1.63 x Hb + 9.5) x (pH – 7.4)] 160 
 161 
Urine and plasma osmolality (Advanced Model 3300 Micro-Osmometer; Advanced 162 
Instruments Inc., USA), urine-corrected mass changes, and ratings of perceived exertion (9) 163 
were recorded during each trial.  Environmental conditions were measured during exercise 164 
(Technoline WS-9032; Technotrade GmbH, Germany) and mean and peak heart rate (HRmean 165 
and HRpeak, respectively) were recorded using short-range telemetry (Polar RS400; Polar 166 
Electro, Finland). A mid-flow urine sample was collected post-exercise and body mass was 167 
assessed before the players were allowed to leave the testing center.  168 
 169 
Statistical Analysis 170 
Statistical analyzes were carried out using IBM SPSS Statistics software (Version 22.0; IBM 171 
Inc., USA). Data are reported as mean ± standard deviation (SD). Statistical power was 172 
calculated using commercially available software (GPower v3.1, Germany) and a sample size 173 
of eight was deemed sufficient for ≥ 70% power to detect statistical differences in pH, base 174 
excess, and 15 m sprint speed. Paired sample t-tests were performed for data with two time 175 
points (i.e. plasma and urine osmolality) and repeated measures analysis of variance 176 
(ANOVA) were conducted for data with more than two time points (i.e., exercise intensity 177 
and acid-base balance parameters). The Greenhouse-Geisser correction was applied if the 178 
assumption of sphericity was violated. Significant main effects of time were analyzed post-179 
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hoc using a least significant difference (LSD) test. Relationships between 15 m sprint 180 
performance and changes in acid-base balance parameters were tested using a Pearson 181 
product-moment correlation coefficient. Significance was set at p ≤ 0.05.  182 
183 
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RESULTS 184 
Environmental conditions were 19.2 ± 1.5°C, 75 ± 8%, and 1017 ± 4 mmHg for ambient 185 
temperature, humidity, and barometric pressure, respectively. Dietary analyses revealed that 186 
the players were not taking any performance enhancing supplements and compromised of 8.5 187 
± 0.7 MJ∙d-1, of which 42 ± 5%, 25 ± 1%, and 33 ± 6% of energy intake was obtained from 188 
carbohydrates, proteins, and fats, respectively. 189 
 190 
Exercise Intensity 191 
Exercise influenced RPE with higher RPE values during ET (15 ± 4) compared to the first 192 
(10 ± 4) and second (12 ± 4) halves (both p ≤ 0.001). RPE values were also higher during the 193 
second half compared to the first half (p = 0.035). Sprint velocities were lower during ET 194 
compared to the first (-7 ± 6%, p = 0.021) but not the second (-3 ± 4%, p = 0.086) half 195 
(Figure 2). HRpeak and HRmean remained the same throughout exercise (F(2,14) = 3.658, p = 196 
0.063, η2 = 0.343 and F(2,14) = 2.973, p = 0.084, η2 = 0.298). Concentrations of blood calcium 197 
(F(4,31) = 1.081, p = 0.387, η2 = 0.134) and potassium (F(3,23) = 0.794, p = 0.520, η2 = 0.102) 198 
were not influenced by exercise (Table 1). 199 
 200 
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 201 
Figure 2 Sprint velocities (15 m) during the trial (mean ± SD). a = significant difference 202 
compared to extra-time (p < 0.05). 203 
 204 
Acid-Base Balance Response 205 
Exercise influenced blood lactate (F(3,19) = 5.834, p = 0.007, η2 = 0.455) and pH (F(2,18) = 206 
3.192, p = 0.054, η2 = 0.313) responses. Blood lactate concentrations were lower at 105 min 207 
compared to 15 min (-27 ± 28%, p = 0.022) and 30 min (-26 ± 14%, p = 0.009) (Table 1). At 208 
105 min, blood pH was higher compared to 15 min (+0.4 ± 0.4%, p = 0.011) and 30 min 209 
(+0.4 ± 0.4%, p = 0.030), but lower compared to 75 min (-0.3 ± 0.2%, p = 0.010) (Figure 210 
3A).  At 120 min, blood pH was lower compared to 105 min (-0.5 ± 0.4%, p = 0.012). 211 
Notably, blood pH was lower at 120 min compared to baseline (-0.3 ± 0.3%, p = 0.015), and 212 
HT (-0.4 ± 0.4%, p = 0.017) (Figure 3A).  213 
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 214 
Exercise influenced base excess (F(3,25) = 6.107, p = 0.002, η2 = 0.466), HCO3- (F(3,22) = 215 
5.802, p = 0.004, η2 = 0.453), and Hb concentrations (F(5,32) = 6.459, p ≤ 0.0005, η2 = 0.480). 216 
Base excess concentrations at 120 min were lower than at HT (-110 ± 159%, p = 0.013), 217 
during the whole of the second half (46-90 min, all p < 0.05) and at 105 min (-219 ± 280%, p 218 
= 0.001) (Figure 4). Base excess at 105 min was also higher than at 15 min (+1011 ± 2307%, 219 
p = 0.031) and 60 min (+20 ± 143%, p = 0.031) values (Figure 4). HCO3- concentrations 220 
were lower at 120 min compared to 105 min (-3.7 ± 3.3%, p = 0.017) and higher at 105 min 221 
compared to HT (-2.2 ± 1.4%, p = 0.003) (Figure 3B). Hb concentrations were higher at 120 222 
min compared to baseline (+6.8 ± 5.6%, p = 0.015) and pre-exercise (+7.9 ± 9.0%, p = 0.040) 223 
(Table 1). Hb concentrations were also higher at 105 min compared to baseline (+6.1 ± 4.1%, 224 
p = 0.005) but lower at 105 min compared to both 60 min (-5.5 ± 5.2%, p = 0.019) and 75 225 
min (-6.2 ± 5.8%, p = 0.019) (Table 1). There were no significant correlations between 226 
changes in 15 m sprint performance and blood pH, lactate, Hb, base excess, or bicarbonate 227 
concentrations (all p > 0.05).  228 
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Figure 3 Blood pH (A) and HCO3- (B) concentrations throughout the trial (mean ± SD). Pre 230 
represents pre-exercise and HT represents half-time. a = significant difference 231 
compared to 120 min (p < 0.05). b = significant difference compared to 105 min (p < 232 
0.05).  233 
 234 
 235 
 236 
 237 
 238 
 239 
 240 
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Hydration Status 241 
Exercise influenced body mass (F(1,6) = 28.337, p = 0.001, η2 = 0.825) with participants 242 
exhibiting lower body mass values post-exercise (67.8 ± 5.1 kg) compared to both pre-243 
exercise (69.1 ± 5.3 kg, p ≤ 0.0005) and 90 min (68.3 ± 5.1 kg, p = 0.015). Plasma volume 244 
was influenced by exercise (F(4,25) = 9.332, p ≤ 0.0005, η2 = 0.571). Plasma volume was lower 245 
at 120 min (-7 ± 7%) compared to 105 min (-2 ± 7%, p = 0.048). Plasma volume was higher 246 
at 105 min compared to 15 min (-10 ± 6%, p = 0.014), HT (-3 ± 6%, p = 0.003), and 60 min 247 
(-11 ± 9%, p ≤ 0.0005). Urine osmolality was unchanged during exercise (p = 0.605), 248 
whereas plasma osmolality was higher post-exercise (330 ± 11 mOsmol.kg-1) compared to 249 
pre-exercise (309 ± 6 mOsmol.kg-1, p = 0.005).  250 
 251 
 252 
 253 
254 
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DISCUSSION 255 
This is the first study to assess changes in acid-base balance during 120 minutes of soccer-256 
specific exercise. In line with our hypotheses, ET influenced markers of acid-base balance, 257 
specifically; blood pH, HCO3-, Hb, and base excess concentrations in eight English Premier 258 
League academy soccer players. However, the concentrations observed at 105 and 120 min 259 
would suggest that acid-base balance and buffering capacity are not compromised during ET. 260 
Furthermore, the lack of any significant correlation between changes in performance and the 261 
indices of acid-base balance measured may indicate performance was not modulated by 262 
changes in acid-base balance.  263 
 264 
We observed reductions of 0.01-0.03 pH units in the last 15 min of ET compared to baseline, 265 
HT, and the first 15 min of ET (Figure 3A). Despite the statistical significance of these 266 
findings, this magnitude of change in blood pH is unlikely to be the cause of the reduced 267 
physical performance observed in the present study (Figure 2) and previous investigations on 268 
ET (16, 18, 37). This is supported by the lack of any relationship between decrements in 15 m 269 
sprint performance and reductions in blood pH (p > 0.05). Furthermore, reductions in pH of 270 
<0.2 units are unlikely to reflect acidosis or cause a reduction in exercise performance (10, 271 
20). Indeed, the previously held notion that acidosis limits exercise performance has been 272 
challenged (10, 23, 39) as contractility of mammalian muscle in-vitro is unaffected even at a 273 
pH as low as 6.67 units (40). Moreover, it has been postulated that intracellular acidosis may 274 
actually protect muscle function through its ameliorative effect on extracellular potassium 275 
accumulation (26). Therefore, the drops in blood pH observed are incongruous with 276 
metabolic acidosis and thus may not be a limitation during soccer-specific exercise.  277 
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 278 
Blood lactate concentrations did not exceed 3.4 ± 1.6 mmol·l-1 during exercise (Table 1). 279 
Lactate concentrations of this magnitude are not reflective of those observed during exercise-280 
induced acidosis (15, 31). Despite being lower than during some previous investigations in 281 
soccer players (5, 34), the observed lactate concentrations are comparable to those observed 282 
in Danish lower league players during a 90 min soccer match simulation (7). 283 
 284 
Blood lactate concentrations were lower during ET compared to the first 15 min of exercise 285 
(Table 1). This may be indicative of a decelerated rate of substrate level phosphorylation 286 
during ET and a shift in substrate utilisation. Although not measured in the present 287 
investigation, previous findings from our laboratory have shown significant increases in 288 
plasma epinephrine, non-esterified fatty acids, and glycerol during ET with concomitant 289 
reductions in blood lactate and plasma insulin (19). As successful high-intensity exercise 290 
performance such as sprinting is reliant on glycogenolysis (4, 29), an increased reliance on fat 291 
oxidation for fuel during ET may explain the reductions in 15 m sprint performance observed 292 
in the present investigation; however, this remains speculative. Future research opportunities 293 
therefore exist to assess transient changes in muscle glycogen concentrations during ET. 294 
 295 
Total buffering capacity was influenced by exercise, with reductions in Hb (Table 1), HCO3- 296 
(Figure 3B), and base excess (Figure 4) concentrations during the last 15 min of ET compared 297 
to earlier periods of exercise. Despite the presence of statistically significant differences, the 298 
relatively small changes in these variables may not indicate physiologically meaningful 299 
alterations in buffering capacity (15). Furthermore, we observed no correlation between 300 
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alterations in buffering capacity and reductions in sprint speed, possibly indicating 301 
performance was not influenced by changes in buffering.  A previous study investigating 302 
acid-base balance changes across 90 min of simulated soccer match-play found much lower 303 
HCO3- values in the second half compared to any time point during exercise in the present 304 
investigation (34) despite the same method of analysis. This could be explained by the 305 
playing level and age of the player recruited. HCO3- concentrations observed in the present 306 
investigation are similar to those observed in male athletes performing high-intensity 307 
intermittent exercise while ingesting sodium bicarbonate (20). 308 
 309 
Physical (15 m sprint velocities) performance was negatively impacted during ET. Similar 310 
observations have been found during simulated (16, 17) and actual (18, 36) match-play. 311 
Previous work from our research group has noted depressed sprint velocities and 312 
countermovement jump heights during ET (16, 17), as well as reductions in technical 313 
performance markers (i.e., the number of successful passes and dribbles) (18). Moreover, 314 
Russell et al. (36) observed significant reductions in total distance covered, high intensity 315 
distance covered, and the total number of sprints, accelerations, and decelerations during an 316 
ET period in an English Premier League reserve match . 317 
 318 
Temporal fatigue during soccer match-play and simulated soccer exercise is likely to be 319 
multifactorial in origin, both during 90 min and ET (16, 22, 30). Compromised muscle 320 
glycogen stores (32), disturbances in muscle ion homeostasis (24), and dehydration (38) have 321 
all been linked to reduced soccer performance. ET negatively impacted both body mass and 322 
plasma osmolality. The players lost an additional 0.5 ± 0.4 kg of body weight in ET 323 
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compared to 90 min and plasma osmolality was significantly higher post-exercise compared 324 
to baseline. This may indicate further dehydration in ET which could be a putative factor 325 
explaining the decrease in exercise performance (16, 38).  326 
 327 
Although blood potassium was not influenced by exercise (Table 1), we observed individual 328 
values > 6 mmol·l-1 at 120 min, similar to those observed following an exhaustive Yo-Yo 329 
Intermittent Recovery Test (21). However, the mean value of all participants was 5.1 ± 0.9 330 
mmol·l-1 (Table 1), analogous with those observed during soccer match-play (22). It is 331 
unlikely that concentrations of blood potassium of this degree explain the reductions in 332 
performance (22). Further work is required to isolate the influence of muscle ion fluctuations 333 
on performance during an ET period. Due to a disassociation between interstitial and 334 
extracellular ionic concentrations, disturbances in muscle ion homeostasis are more reflective 335 
of fatigue than changes at the extracellular level (11, 20, 25). Accumulation of inorganic 336 
phosphate (Pi) in the muscle has been implicated as the major factor in tempered force 337 
production and increased fatigue during exercise (2, 3, 12, 39); however, changes in Pi have 338 
yet to be explored during soccer-specific exercise of any duration.  339 
 340 
PRACTICAL APPLICATIONS 341 
This data adds to the developing body of literature related to both the performance and 342 
physiological responses during simulated and actual match-play requiring a soccer ET period. 343 
Practitioners and coaches should be cognisant of the fact performance is adversely impacted 344 
by ET and potential methods of attenuating diminutions in performance should be sought 345 
(i.e., acute nutritional interventions (16), and training programme design). The magnitude of 346 
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the physiological changes observed as a consequence of 120 min of intermittent exercise in 347 
this study highlight that metabolic acidosis and perturbations in buffering capacity are not 348 
likely to be performance-limiting factors in ET. Further research utilising invasive techniques 349 
such as muscle biopsies to assess ionic, Pi and glycogen disturbances during 120 minutes of 350 
soccer match-play is required. 351 
 352 
 353 
 354 
 355 
 356 
 357 
 358 
 359 
 360 
 361 
 362 
 363 
 364 
 365 
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 525 
Table 1 Physiological variables as a function of timing throughout exercise (mean ± SD). Pre = pre-exercise and HT = half-time. a = significant 526 
difference from 120 min (p < 0.05). b = significant difference from 105 min (p < 0.05).527 
    
Variable Baseline Pre 15 min 30 min 45 min HT 60 min 75 min 90 min 105 min 120 min 
Timing 
Effect 
p value 
             
Blood Lactate (mmol.l-1) 0.7 ± 0.2 ab 1.6 ± 0.7 3.4 ± 1.6 b 3.0 ± 1.2 b 3.1 ± 1.7 2.4 ± 0.5 2.4 ± 0.7 2.3 ± 0.7 2.4 ± 1.0 2.2 ± 0.7 3.3 ± 2.2 0.007 
             
Blood Potassium (mmol.l-1) 4.4 ± 0.3 5.0 ± 0.8 4.8 ± 0.5 4.9 ± 0.3 5.0 ± 0.9 4.8 ± 0.3 4.9 ± 0.4 5.0 ± 0.6 5.0 ± 0.5 4.9 ± 0.4 5.1 ± 0.9 0.520 
             
Blood Hb (mg·dl-1) 134 ± 6 a 133 ± 13 a 149 ± 10 145 ± 6 142 ± 4 139 ± 10 151 ± 9 b 152 ± 8 b 144 ± 12 143 ± 9 145 ± 12 ≤0.0005 
             
Blood Calcium (mmol.l-1) 1.20 ± 0.02 1.24 ± 0.05 1.23 ± 0.05 1.24 ± 0.02 1.23 ± 0.04 1.21 ± 0.01 1.22 ± 0.03 1.22 ± 0.03 1.23 ± 0.02 1.23 ± 0.02 1.22 ± 0.04 0.387 
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